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Age and Growth of the Scalloped Hammerhead, Sphyrna lewini, in
Northeastern Taiwan Waters!
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ABSTRACT: Age and growth of the scalloped hammerhead, Sphyrna lewini,
caught mostly by longline and harpoon in northeastern Taiwan waters from
December 1984 to November 1985, were determined from annulus counts from
325 individuals. Tran slucent and opaque zones on vertebral centra were formed
twice a year, in June and December. The von Bertalanffy growth curve param-
eters obtained using a nonlinear regression based on age and observed length
were as follows: asymptotic length (L oo) = 319.72 em total length (TL), growth
coefficient (K) = 0.249, age at zero length (t o) = - 0.413 yr for females; and
Loo = 320.59 cm TL , K = 0.222, to = - 0.746 yr for males. Growth was appar-
ently fast and varied among individuals. Growth rate s for females were estimated
to be 63 cm for the first year, 23-50 cmjyr for years 2-5, and 3-19 cmjyr for years
6-13. Growth rates for males was 54 em for the first year, 22-42 cmjyr for years
2-5, and 11-18 cmjyr for years 6-8. Holden's method was applied to estimate
growth parameters for purposes of comparison. Estimated age at maturity was
4:lyr (210cmTL) for females and-3:8yr (198cm-TL) for males, based on thevon
Bertalanffy growth equation from back-calculated data. The largest female (331
em TL) whose age was determined in this study was 14.0 yr old; the largest male
(301 em TL) was 10.6 yr old .
catch of sharks in this area and ranking this
species first among all shark species caught.
The total catch of scalloped hammerheads is
valued at (U.S.) I million dollars per year.
Sharks are among the most valuable food re-
sources in Taiwan. However, because of their
low reproductive rate sharks are extremely
susceptible to overfishing (Holden 1974, 1977).
To ensure the continued abundance of
scalloped hammerheads as a food source, the
life history of the shark must be understood
before instituting any fishing management
methods. Chen et al. (1988) investigated the
reproductive biology of scalloped hammer-
heads captured off Nan Fan Ao, but not age
and growth. Clarke (1971 ) examined the
growth of scalloped hammerheads by using
tag-recaptured neonatals in Hawaii . Schwartz
(1983) and Branstetter (1987a) noted the age
and growth of scalloped hammerheads from
North Carolina and the Gulf of Mexico using
analyses of vertebral rings. Ageing methods
for sharks were summarized by Schwartz
(1983), but he did not verify annual ring for-
mation in scalloped hammerheads. Branstet-
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THESCALLOPED HAMMERHEAD shark, Sphyrna
lewini, is common in coastal warm temperate
and tropical seas throughout much of the
world (Compagno 1984) and is found in Tai-
wan waters . Catches from areas west and
south of Taiwan are smaller than those from
areas to the east (Chen et al. 1988).This species
is commonly found from Pung Chia Island to
Guei Shan Island (Figure I ) and is one of the
most abundant species contributing to the
commercial shark fishery of the northeastern
waters ofTaiwan (Chen et al. 1988). Based on
dat a from the fish market in Nan Fan Ao near
Suao city, located in northeastern Taiwan,
500 tons of scalloped hammerheads are
landed per year, representing 25% of the total
I This research was suppor ted by National Science
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F IGURE I. Samp ling area of S. lewini off northeastern Taiwan.
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ter (1987a) suggested annual form at ion of
annuli for Gulf of Mexico specimens because
of observations of increasing width in mar-
ginal increments along the centrum edge.
Alternating opaque and translucent bands
form in the vertebra l centra of man y
elasmobranches during growth, and if a regu-
lar periodicity can be demonstrated for the
formati on of these band s throughout the life
of the animal, they can be used to assess ages
for individuals in the samples and to estimate
growth rates for the popul ation (Bra nstette r
et al. 1987). Holden (1974) used reproductive
dat a (i.e., maximum observed length , gesta-
tion period, and length at birth of embryo) to
estimate the growth rate in elasmobranches.
The vertebral rings (annuli) of Branstett er et
al. (1987) and Holden 's method (1974) were
utilized in this study to analyze the age and
growth of scalloped hammerhead s captured
in wat ers off northeastern Taiwan.
MATERIALS AND METHODS
Scalloped hammerheads (276 females and
49 males) were obtained from fish markets in
Tashi and Nan Fan Ao between December
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F IGURE 2. Average centrum diameter at different locations along the vertebra l column of S. lewini from Taiwan .
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1984 and November 1985. Larger sharks were
captured mostly by longline and harpoon;
small sharks were captured by trawl and long-
line. The primary fishing area was located off
northeastern Taiwan (Figure I ). All sizes were
included in the samples. Measurements were
taken of total length (TL) (in em) and weight
(W) (in kg). Methods follow Chen et al. (1988).
Total length is used throughout this report.
The 35th through 40th vertebrae, located
just under the first dorsal fin, were sampled
from each shark. These were the only verte-
brae readily available in the market, and they
are easy to locate under the first dorsal fin.
Measurements of centra of the vertebrae just
under the first dorsal fin were also used by
Stevens (1975), Tanaka et al. (1978), and
Wang and Chen (1982). To determine if these
vertebral areas were suitable for age determi-
nation, four specimens of similar sizes were
selected to compare variation in the radii of
the centra. The size of the 35th through 40th
vertebrae seems to be more stable (mean =
1.8, SE = 1.4, n = 4) (Figure 2) than that of
vertebrae sampled elsewhere in the column.
The vertebrae were prepared by (1) soa king
the vertebrae for ca. 30 min in boiling water;
(2) removing the connective tissue from the
centrum; (3) sectioning along a longitudinal
plane ; (4) grinding along the centrallongitudi-
nal axis until the centrum was ca. 0.2 mm
thick; and (5) observing the section ofcentrum
with a dissecting microscope at lOx magnifi-
cation by reflected light.
Measurements for back calculation were
made with an ocular micrometer using trans-
mitted light. Periodic marks appear to tra-
verse the centra of the vertebrae of the scal-
loped hammerhead. These marks, viewed by
tran smitted light, are opaque. In this stud y
they are termed annuli (annulus); they are
analogous to the term " band" or " ring" used
by other authors. Validation of annuli as time
marks was not attempted. The radius of each
centrum was measured from the focus to the
outer margin (Figure 3). Measurements were
made at least twice. Measurements were
accepted if both measurements obtained were
in agreement. If the estimated number of
annuli differed by one annulus, then the
centrum was remeasured . Measurements that
differed by two or more annuli were rejected .
Measurements of 57 of the 325 vertebrae were
rejected.
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FIGURE 3. Longitudinal section ofvertebra of S. lewini used for age determination . 1-14 = annulus marks; centrum
radii were measured from focus (0) to outer margin of the vertebrae.
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Time of Annulus ( Opaque Zone) Formation
us (R) and total length (TL) for 226 females
and 42 males: female: TL = 18.833 R0.9568
[r = 0.984, n = 226, 18.833 (SE = 0.1007),
0.9568 (SE = 0.0322)]; male: TL = 20.361
RO .9362 [r = 0.993, n = 42, 20.361 (SE =
0.1011), 0.9362 (SE = 0.049)]. Both curves
pass through the origin. The curvilinear forms
were probably related to slowing of vertebral
growth in larger sharks.
The time of annulus formation was esti-
mated from monthly changes in the marginal
increment (M.I.) using the following equa-
tion:
K = -In(1 - Lg/Lma.}/g
All of the growth rates were estimated from
a computerized form of the VBGE.
The relationship of body weight and total
length was also examined for males and fe-
males. An analysis of covariance was used to
detect the possible difference in the weight-
length relationship between the sexes.
where R is the centrum radius and r, and rn - 1
are radii of the ultimate and penultimate an-
nuli, respectively. The centrum radius and total
length curvilinear equation were utilized to
back calculate time of annulus formation.
The von Bertalanffy growth equation
(VBGE) curve (Draper and Smith 1981) was The two smallest M.1. means for both im-
selected as the growth model. The nonlinear mature and mature females occurred in June
regression PAR BMDP statistical package and in December (Figure 5). Thus an opaque
(Dixon et al. 1985) was used to obtain the zone for females occurred twice a year, the
parameter estimates of VBGE by using (I) first in June and the second in December. We
observed length and age, and (2) the back- assumed that the opaque zone is a half-year
calculated length at the time of annulus for- annulus. Standard error was large because
mation and the age for each sex. The VBGE is annulus growth for each individual was differ-
as follows: ent , even in the same month. For example, in
~_L =.~L .{I -=_ex .[-=- K (t-=--t )]}_ __ June some annuli were nearly formed (M.1.
r 00 Po . . -- were- Iarge);- and - some-had -already -been
where L, is the live length at age t, Loo is the formed (M .1.were small). The time ofannulus
asymptotic length, K is the growth coefficient , formation for males could be roughly esti-
t is the age (day) from birth, and to is the age at mated in spite of small sample size (n = 42)
zero length. (Figure 5). As in females, males had two
In addition, Holden's method (1974) was smaller M.I., in June and again in December,
used to obtain growth parameter estimates for and we assumed that an opaque zone for
comparative purposes. Holden's method re- males occurred twice a year.
quires the maximum observed length (Lma.), No annulus was found in the centra of em-
gestation period (g) (= age at zero length), bryos during the breeding season (from May
and length at birth (L g ) to estimate the growth to July) (see Chen et al. 1988). Three juveniles
coefficient K: (58 em, 59 em, and 60 em) caught in October
did, however, exhibit one annulus. It is there-
fore reasonable to assume that the first
annulus is formed in June, immediately after
birth. Hence the age of first annulus forma-
tion was at 0 yr, the second at 0.5 yr, the third
at I yr, the fourth at 1.5 yr, and so on . Odd-
numbered annuli formed between June and
November, and even-numbered annuli formed
between December and May (Table 1). This
observation supports the conclusion that
annuli form in June and December each year.
RESULTS
Relationship between Centrum Radius and
Total Length
A significant curvilinear relationship (Fig-
ure 4a,b) was found between the centrum radi-
Back-calculated Length at Time ofAnnulus
Formation
A mean annulus radius was calculated for
each sex. Mean radii for each annulus were
summed. It is obvious that Lee's (1912) phe-
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FIGURE 4. Relati onship between total length (TL ) and centrum radius (R ) in S. lewini from Ta iwan . A, females
(T L = 18.833Ro.9568 [r = 0.984]); B, males (TL = 20.36IRo.9362 [r = 0.993)).
FI GURE 5. Monthly change of marginal increment of
S. lewini from Taiwan. Vertica l lines indicate ± 1 SD.
Top, females; bottom, males.
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nomen on (the difference between calculated
length and true length at earlier annuli is
greater at younger ages [Rick 1958, 188])does
exist in the scalloped hammerhead. Byputting
those annu li radii values into TL-R curvilinear
equations, back-calculated lengths at the time
of annulus formation were calculated (Tables
2 and 3).
Estimation ofParameters in von Bertalanffy
Growth Equations
NONLINEAR REGRESSION ESTIMATES. (1) Ob-
served lengths at different ages were used to
calculate the VBGE predicted lengths. The
von Bertalanffy growth curves for both sexes
fit the observed data relatively well (Figure 6),
although some variations caused by few data
and variable lengths at different ages were
seen in young age groups. The parameter
TABL E I
NUMBER OF VISIBLEANNULI OFS. lewini FROMTAIWAN(DOES NOT INCLUDE REJECTED VERTEBRAE) (top, FEMALE; bottom, MALE)
I
I
ANNULUSGROUP
I
I
YEAR MONTH 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 TOTAL
I
I
1984 Dec 1 3 I I 7
1985 Jan . 7 5 3 1 I h I 2 5 3 32Feb. 2 2
I 3 3 3 2 2 21
Mar. 1 1 I 1 3 2 1 II
Apr. 3 5 2 3 2 1 4 I 21
May 3 2 4 3 I 2 16
Jun. 2 4 I I 3 2 15
JuI. 2 4 4
I
2 4 1 19
Aug. 3 7 2 5 1 19
Sep . I 4 1 3 3 i 1 4 I I 21
Oct. 1 2 I 3 4 ! 3 I 2 3 I 24I
Nov. I 1 3 4 I 3 3 I 2 I 1 20I
Total 3 8 3 6 4 7 0 4 11 7 24 11 18 12 17 8 15 15 5 15 9 II 2 6 2 226
ANNULUS GROUP
YEA R MONTH 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 TOTAL
1984 Dec. I
1985 Jan . I
Feb. 2 4
Mar . 1 1 2 5
Apr. I 3
May I 3
Jun . I I 5
JuI. 2 I 2 9
Aug. I
I
2
Sep. 2 2 4
Oct. 2 1 3
Nov . I I 2
Tot al 2 4 2 2 4 5 4 2 2 2 3 3 2 42
,
TABLE 2
B ACK-CALCULATED T OTAL L ENGTH AT TIME OF A NNULUS FORMATIO N OF F EMALES . lewini FROM T AIWAN
,
TOTAlLENG~' (em)
1
ANNULUS n 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
1
I I 45.3 II
2 3 52.2 72. 1
3 I 53.9 66.7 76.9
4 8 69.9 95.9 112.7 134.9
5 3 55.3 79.9 103.7 123.7 141.8
6 6 69.1 92.2 108.6 126.0 141.7 155.6
7 4 62.4 82. \ 101.6 \2 1.9 \4 2.3 \63.3 \84.5
8 I 74.3 105.1 12 1.4 138.0 154.0 173.8 189.7 206.2
9 6 57.5 74.3 9 1.0 106.1 123.4 139.5 157.9 176.4 192.6
10 4 63.3 86.2 98.4 1\ 7.1 137.7 159.6 177.8 194.9 210.3 225.3
I I I I 61.4 80.6 99.1 117.1 133.9 \49 .2 \65.3 \8 1.7 198.5 2 \3 .0 226.7
12 7 6 1.8 85.0 104.7 \ 21.9 140.5 \58.9 \ 75.2 \93.8 2 \1.2 227.2 241.2 255.6
13 24 57.8 75.7 92.2 \08.4 \ 23.7 \40.0 \57.4 175.7 \92 .3 207.8 22 1.9 235.6 249.4
14 II 68.4 87.3 102.9 119.5 135.4 151.9 168.5 \85.6 200.7 216.6 230.6 242.8 254.7 265.9 1
15 18 59.5 75.2 91.5 107. \ 122.2 136.9 15 1.9 158.4 183.4 198.6 204.3 226.2 238.3 249.5 262.7
16 12 65.2 8 1.9 99.2 1\ 5.6 131.9 146.6 163.6 178.6 193.8 209. \ 224.0 237.2 249.4 259.8 269.9 280.1
17 17 59.9 77.9 94.7 108.7 124.3 139.4 155.0 171.8 185.6 199.4 2 13.3 227.4 240.6 25 1.9 262.8 272.4 281.8
18 8 65.5 79.4 94.7 109.1 123.9 137.1 151.5 166.9 18 1.6 195.4 209.3 223.3 235.6 248.3 259.6 272.3 283.4 292.8
19 15 60.7 76.9 9 1.2 103.4 1\6.6 130.1 143.2 156.4 170.2 184.3 198.3 2 \ 1.7 225.9 239.6 251.9 263.0 273.\ 282.6 291.4
20 15 63.0 79.9 94.4 108.4 122.4 136.9 150.7 166.1 180.1 \94.1 207.8 221.2 234.0 245.9 256.0 265.7 276.0 284.4 292.4 200.5
2 1 5 61.2 77.4 91.7 103.7 \ 14.6 \27.5 \4 2.7 \57.8 \ 73.4 \9 1.2 205.4 2 \8 .7 23 1.2 24 1.2 25 1.8 262.5 27 1.8 28 1.2 288.5 294.7 301.9
22 15 66.2 82.8 97.6 111.2 \22.4 \34.8 \48.1 \61.4 \ 76.0 \89.5 203.0 2 \5.9 228.0 240. 1 25 1.8 262,2 272.6 282.5 290.9 299.4 307.8 3 15.6
23 9 54.9 70.3 83.5 95.4 107.\ \20 .0 132.4 \4 5.9 \60.5 \ 74.9 \89.2 202.3 2 \3 .5 226.4 238.8 249.9 259.2 268.3 275.6 282.3 288.1 294.3 30 1.1
24 \1 58.3 74.9 88.7 102.2 \ 14.7 \27.3 \40 .0 \52.8 \66.3 \ 79.8 \92.6 205.3 2 \7 .2 228.0 239.1 246.7 260.3 270.2 278.8 287.3 295.2 302.9 310.8 3 \7.0
25 2 64.1 79.4 92.9 104.6 114.6 124.5 \4 1.0 155.0 169.7 180.3 194. \ 207.0 220.0 232.8 212.5 252.9 266.5 276.9 286.5 295.2 304.0 3 \3.5 323.8 331.7 340.4
26 6 61.1 78.2 90.0 104.2 1\ 6.2 127.8 140.7 152.8 165.3 178.3 190.3 204. \ 2 \7 .1 230.4 242.0 251.0 264.4 274.0 282.8 290.0 296.3 303.2 310.6 3 17.9 324.6 331.3
27 2 66.7 76.0 86.2 95.4 104.6 116.2 127.0 138.5 152.5 168.1 182.7 194.\ 207.0 220.8 231.2 240.1 248.9 256. \ 263.3 272. 1 279.3 285.7 292.0 298.4 304.0 311.1 316.7
28 \ 55.8 7 1.3 86.2 98.1 107.9 1\9.5 132.6 146.3 157.3 169.2 180.4 194.9 203.0 2 10.9 2 19. \ 227.5 235.7 243.3 252.1 259.6 269.1 272.9 276.1 279.8 282.0 285.5 289.7 293.0
Weigh ted I
mean 61.6 79.6 96.1 110.9 124.8 139.4 155.3 167.7 183.4 \97.6 210.3 223.5 234.8 244.2 254.0 261.2 27 1.5 279.0 285.8 292.2 297.5 304.0 306.2 315.2 319.8 32 1.7 303.2 293.0
,
T ABLE 3
BACK-CALCULATED TOTAL L ENGTH AT TIME OF ANNULUS FORMA TION OF M ALE S. lewini FROM TAIWAN
I
TOTALiLENGTH (em)
I
ANNULUS n 2 3 4 5 6 7 8 9 i 10 11 12 13 14 15 16 17 18
I
1 2 87.6
2 4 61.4 85.0
3 I 65.8 83.2 95.3
4 1 69.3 96.7 119.0 136.5
5 1 56.9 79.8 97.0 109.0 125.9
6 1 55.2 78.0 95.3 109.0 120.8 137.6
7 2 58.7 79.8 105.6 122.5 136.0 149.3 164.2
8 I 56.9 74.6 91.9 109.0 117.4 130.9 142.7 159.3
9 2 59.6 78.9 98.7 115.8 132.6 145.2 161.8 179.9 200.4
10 4 56.9 81.2 97.2 114 .9 131.8 151.0 168.4 189.7 206.9 226.0
11 5 51.2 71.4 89.5 107.6 125.5 142.0 160.6 178.4 196.1 2 11.1 226.7
12 4 54.8 75.9 98.4 118.3 135.1 154.0 170.8 186.1 202.5 215.5 229.3 243 .8
13 2 70.2 88.4 103.0 121.7 138.5 161.8 177.4 194.7 208.5 224 .7 239.3 252.9 269.0
14 2 52.5 70.2 89.3 104.7 124.2 141.8 158.5 171.7 190.6 204.4 217.4 231.2 242. 5 255.4
15 2 43.5 62.3 78.9 94.4 109.0 125.9 144.3 160.9 179.1 193.0 204.5 219.1 231.2 244.9 257.8
16 3 50.3 62.3 77.5 92.4 103.9 118.6 132.6 149.3 167. \ 182.4 196.6 209 .0 224.3 238.8 25 1.7 266.1
17 3 48.6 62.3 77.5 88.9 104.4 116.3 130.4 144.8 157.1 171.3 188.9 206.4 218.7 23 1.2 243 .6 257.0 271.8
18 2 48.0 67.5 78.0 88.4 98.7 109.0 119.1 131.8 146.0 159.3 173.3 184.8 197.9 210.1 215.0 234.4 246.5 258.6
Weighted mean 56.8 74.9 91.4 107.6 122.0 138.1 154.1 170.0 187.6 201.8 211.8 222.1 229 .4 235.9 243 .1 254.7 26 1.8 258.6
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FI GURE 6. Von Bertalanffy growth curves for S. lewini from Taiwan. Individuals plotted by their annuli (time
elapsed since the formation of the half-year annulus). B, birth mark. Top, females; bottom , males.
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(n = 49)
DISCUSSION
(n = 276)
mal es: W = (1.35 x 10-6) TL3.252
females: L, = 331 {I - exp[ - 0.175
(t + 0.833)]}
males: L, = 301 {I - exp[ - 0.194
(t + 0.833)]}
females: W = 293.56 {1 - exp[ - 0.156
(t + 1.053)]}3.129
males: W = 159.88 {1 - exp[ - 0.238
(t + 1.076)]} 3.252
From these equa tions, the calculated leng th at
age zero is 45 em . This agrees well with the
birth length ofembryos from back calculation
and ob servation. The first-year growth rate
was estimated to be 45 em for both sexes , then
22.8-38 .6 cm/y r for females and 20.8-37.2
cm/yr for males for years 2-5, and 5.6-19.2
cm/yr for females and 4.4-17.1 cm/yr for
males for years 6-13.
The predicted lengths using VBGE ob-
tained from Holden's method were somewhat
smaller than those from ob served data and
back-calcul ated data.
An an alysis of covariance of the loga-
rithmic weight and length suggested that the
relationship between sexes was significantly
different at the 5% level.
The weight-growth equations, transformed
from the VBGE were as follows:
Th e disparity between the number of mal es
and females was striking (Chen et al. 1988).
We do not know whether scalloped hammer-
estimates were K = 0.249 (SE = 0.0122),
Loo = 319.72 em (SE = 3.7485), and to =
- 0.413 yr (SE = 0.1031) for females and
K = 0.222 (SE = 0.0389), Loo = 320.59 cm
(SE = 21.4894), and to = - 0.746 yr (SE =
0.1998) for males. Length at birth was esti-
mated to be 31.3 cm for females and 48.9 em
for males. Females are smaller at birth
than the average length of embryos at birth
(45 ern). The growth rate during the first year
was estimated to be 63 em for females and 54
em for males, then 23-50 cm/yr for females
and 22-42 cm/yr for males for years 2-5, and
3-19 cm/yr for females for years 6-13 and
11-18 cm/yr for males for years 6-8.
(2) Back-calculated lengths for ultimate
annulus formation at different ages (diagonal
column, Tables 2 and 3) a re 45.3 em at 0 yr ,
72.1 em at 0.5 yr, 76.9 cm at I yr, 134.9 em at
1.5 yr, etc. In Table 2, these lengths were also
used to ca lculate the pr edicted lengths of the R It ' hi b t B d u .r · ht d
G h . e a IOns tp e ween 0 y n erg anVB E. T e parameter estimates were Total Len th
K-= -0.-178-, - 1.;.;,- =-355:-75- cm,- -and -- to=-- - ----- g-
- 0.889 yr for females and K = 0.161 , The general length-weight relationships
L oo = 352.81 em, and to = - 1.308 yr for (Figure 7) were as follows:
males. A von Bertalanffy cur.ve produced from females: W = (2.82 x 10-6) TU.129
back-calcul ated length-at-different-ages data
was close to the ob served dat a curve (Figur e
6) altho ugh there were sma ll difference s in
length data in both young and older speci-
mens.
The length at sexual maturity for the sca l-
loped hammerhead was 210 em TL in females
and 198 em TL in males (Chen et al. 1988).
Th e age at maturity in the present study was
4.0 yr for females and 3.8 yr for males, based
on the VBGE from back-calculated data. Us-
ing the back-calculated data, age at maximum
size was 14.0 yr for females (331 em TL) and
10.6 yr for males (301 em TL).
HOLDEN'S METHOD . The gestation period (g)
is 10 months ( = 0.833 yr), which is equivalen t
to age at zero length. Length at birth for the
embryo (Lg) is 45 em, and maximum observed
leng th (LmaJ is 331 em TL for females and 301
ern for males (Chen et al. 1988). Based on
Hold en 's method, we obtained K = 0.175 for
females and 0.194 for males. Thus VBGE
(Figure 6) for both sexes were obtained as
follows:
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head females were more vulnerable to fishing
gear than males or were simply more numer-
ous in this area than in other areas. Perhaps
males inhabit areas further off shore and were
not well represented in our study area. Clarke
(1971), Klimley (1981), and Branstetter (1987a)
thought that females were associated more
with oceanic waters than with shelf waters .
Taiwanese hammerheads were caught pri-
marily in coastal areas rather than oceanic
waters . These differences in sex disparity need
further investigation.
The relationship between centrum radius
and total length seemed to be close to a
curvilinear regression . The linear regression
was also calculated , as follows: females:
TL = 16.25 + 152.33 R (r = 0.956); males:
TL = 22.19 + 154.81 R (r = 0.982). Al-
though both curvilinear and linear regressions
are significant, the curvilinear is more suitable
than the linear.
There are several possib le explanations for
the first annulus formation in June for both
sexes. Shortage of food supp ly, deprivation
caused by migration, and changing tempera-
tures may all be factors , but we have no avail-
able data to verify any specific cause . Lowest
water temperatures (18°C) occur in northern
Taiwan waters from December to February.
Hence , the second half-year annulus formed
in December may be correlated with that
lower temperature. It is unlikely that apparent
formation of two annuli per year is due to the
migration ofhammerheads into the study area
from another population as was reported for
Carcharhinus acronotus by Schwartz (1984).
The existence of two rings per year has also
been reported by Parker and Stott (1965) for
the basking shark and by Pratt and Casey
(1983) for shortfin makos.
Lee's phenomenon could arise from two
sources . Most of our samples were taken by
longline and harpoon employed at the sea
surface, which are selective for large individu-
als. Smaller sharks were taken only by trawl
near the bottom. Thus selective mortality of
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fast-growing young sharks could be responsi- the Gulf of Mexico demonstrated average
ble for the observed difference in annuli radii . growth rates of 15 em, 10-15 em, and 5-7 em,
The VBGE parameter K, estimated from respectively , which were much slower than
observed data, was 0.249 for females and tho se of Taiwanese specimens. Growth rates
0.222 for ma les. These values are larger than recorded by Schwartz (1983) were 10-15
those from the back-calculated data (0.178 for cmfyr during the first 5 yr, decreasing from 10
females and 0.161 for ma les). Conversely, Loo cmfyr to 5 cmfyr for years 5-8. Thus, Taiwan
and to estimated from observed data were hammerheads apparently grew at least twice
smaller than those from back-calculated data as fast as those from the Gulf of Mexico and
(Figure 6). These differences in K , Loo' and to No rth Carolina. We attribute these geograph-
derived from observed data and back- ic growth-rate differences to the formation of
calculated data could be caused by our limited two annuli per year in Taiwanese specimens in
data with great variation in length in the same contrast to the formation of one annul us per
age gro up for younger and older specimens. year found in Gulf of Mexico and North
Holden's (1974) estimate of the K value for Carolina specimens. However, if two verte -
female Sphyrna diplana ( = S. lewini) was bral annuli are assumed to be formed each
0.150, lower than our estimates based on year in Gulf of Mexico sharks, then Branstet-
Holden's method: 0.175 (fema les) and 0.194 ter 's growth estimations wou ld approach our
(ma les). This difference in K estimated from results .
various data may result from our use of a Pratt and Casey (1983) assumed that two
different gestation period (0.833 yr) rather than centrum annuli were formed each year by
Ho lden 's I-yr period . Branstetter (l987b) shortfin makos from the northeastern Atlan-
-categorized- the- K- values-as O;05- 0;1O-for- -tic.--This led-them-to -conclude-that shortfin
slow-growth species, 0.10-0.20 for average- mako growth was rapid when compared with
growth species, and 0.21-0.50 for rapid- gro wth in most ot her sharks. Thei r data indi-
growth species. Based on these criteria, cate d that growth rates for combined sexes of
Taiwanese scalloped hammerheads have an shortfin makos were 43-44 cmfyr for the first
average growth rate. However, scalloped and second years and 9-29 cmfyr during the
hammerheads from the Gulf of Mexico were next 9 yr. These growth rates in a different
estimated to have a K 01'0.073 by Branstetter species were somewhat similar to our results.
(I 987a) , indicating a slow-growth species. The predicted lengths at birth from nonlin-
Holden 's method is a quick way of obtain- ear regression , based on observed data, were
ing K values and seems to be effective in dea1- 31.3 em for females and 48.9 cm for males .
ing with the growth equation in scalloped The estimates for females were smaller than
hammerhead sharks. As Francis (1981) the average length observed in full-term em-
pointed out, Ho lden's method provides a bryos (45 em); the ma les were somewhat
mechanism for rapidly estimating elasmo- ' larger. The overestimated or underestimated
branch growth rates. It is, however, no t a length at birth was probably caused by the
substitute for growth rate analysis based on small sample size of young fish and the great
age determination and should only be used in variation in sharks of similar length but of
the absence of actual data or as an interim different ages. Coincidentally, estimate of
measure, such as the initia l value for nonlinear length at birth employing Ho lden 's met hod
regression . was 44.9 em, a length similar to that observed
The growth rate for Taiwan-caught speci- in full-term embryos.
mens was 63 em for females and 54 em for The Loo values estimated from observed
males in the first year and 23-50 cmfyr for data were 319.72 ern for fema les and 320.59
females and 22-42 cmfyr for males for ages em for males , which were close to the maxi-
2-5 yr. Growth increments of females 01'3- 19 mum sizes we recorded: 331 em for females
cmfyr for ages 6-13 yr and of males of 3-15 and 301 cm for males . Likewise, the female Loo
cmfyr for ages 6-8 yr were recorded. Con- value of 331 cm was close to Branstetter's
verse1y, Branstetter's (1987a) specimens from (I 987a) observation (329 em). However, using
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the back-calculated data, we calculated the
Leo values as 355.75 em for females and 352.81
em for males , both values larger than observed
maximum length.
Age at sexual maturity for Taiwan scal-
loped hammerheads is much younger than
that reported for specimens from the Gulf of
Mexico, where males matured at 10 yr (180
em) and females at 15 yr (250 em) (Branstetter
1987a).
BRANSTETTER, S. 1987a. Age , growth and re-
productive biology of the silky shark,
Carcharhinus falciformis, and the scalloped
hammerhead, Sphyrna lewini, from the
northwestern Gulf of Mexico. Environ.
BioI. Fish. 19(3): 161-174.
---. 1987b. Age and growth estimates for
blacktip, Carcharhinus limbatu s, and spin-
ner, C. brevipinna, sharks from the north-
western Gulf of Mexico. Copeia 4 :964-974.
BRANSTETTER, S., J. A. MUSICK, and J. A.
COLVOCORESSES. 1987. A comparison of the
age and growth of the tiger shark,
Galeocerdo cuvieri, from off Virginia and
from the northwestern Gulf of Mexico.
U.S . Fish Wild!. Serv oFish. Bull. 85: 269-
279.
CHEN, C. T. , T. C. LEU, and S. J. JOUNG. 1988.
Reproduction in the female scalloped ham-
merhead, Sphyrna lewini, in northeastern
Taiwan waters. U.S. Fish Wildl. ServoFish.
Bull. 86(2): 389-393.
CLARKE, T. A. 1971. The ecology of the seal-
loped hammerhead shark, Sphyrna lewini,
in Hawaii. Pac. Sci. 25 : 133-144.
COMPAGNO, L. J . V. 1984. FAa species cata-
logue. Vol. 4. Sharks of the world. An
annotated and illustrated catalogue of
shark species known to date. Parts 1 and 2.
FAa Fish. Synop. no. 125.
DIXON, W. J., M. B. BROWN, L. ENGELMAN, J.
W. FRANE, M. A. HILL, R. I. JENNRICH, and
J . D. TOPOREK. 1985. BMDP statistical
software. University of California Press,
Berkeley and Los Angeles.
DRAPER, N. R ., and H. SMITH. 1981. Applied
ACKNOWLEDGMENTS regression analysis. 2d ed. John Wiley &
We thank Frank J. Schwartz, Institute Sons, New York.
of Marine Sciences, University of North FRANCIS, M. P. 1981. Von Bertalanffy growth
Carolina, and Harold L. Pratt, Jr., Northeast rates in species of Mustelus (Elasmobran-
Fisheries Center, Narragansett Laboratory, chii: Triakidae). Copeia 1: 189-192.
for reading the manuscript critically and HOLDEN, M. J. 1974. Problems in the rational
two referees for valuable suggestions. We exploitation of elasmobranch populations
acknowledge Chen Lien Fa, Nan Fan Ao Fish and .some suggested solutions. Pag:s 117-
Market, for his 'assistance in collecting 137 In F. R. Harde? Jones, ed . Sea Fisheries
~samples. -------~ ------ -- - - - - . ~--Research._John-WI1ey & Sons,New -York
---. 1977. Elasmobranchs. Pages 187-214
in J. A. Gulland, ed. Fish population dy-
namics. John Wiley & Sons, New York.
KUMLEY, A. P. 1981. Grouping behavior in
the ' scalloped hammerhead. Oceanus 24:
65-71.
LEE, R . M. 1912. An investigation into the
methods of growth determination in fishes.
Cons. Explor. Mer, Publ. de Circonstance.
no. 63.
PARKER, H. W., and F. C. STOTT. 1965. Age ,
size and vertebral calcification in the bask-
ing shark, Cetorhinus maximus (Gunnerus).
Zool. Meded. Rijks Mus. Nat. Hist. Leiden
40: 305-319.
PRATT, H . L., Jr., and J. G. CASEY. 1983. Age
and growth of the shortfin mako, Isurus
oxyrinchus, using four methods. Can. J.
Fish. Aquat. Sci. 40 : 1944-1957.
RICK, W. E. 1958. Handbook of computa-
tions for biological statistics offish popula-
tions. Fish. Res. Board Can. Bull. 119.
SCHWARTZ, F. J. 1983. Shark ageing methods
and age estimation of scalloped hammer-
head, Sphyrna lewini, and dusky, Car-
charhinus obscurus, sharks based on ver-
tebral ring counts. Nat. Oceanic Atmos.
Adm. (U.S.) Tech. Rep. NMF 8: 167-174.
170
1984. Occurrence, abundance, and
biology of the blacknose shark, Carcharhi-
nus acronotus , in North Carolina. North-
east. Gulf Sci. 7(1): 29-47.
STEVENS, J . D. 1975. Vertebral rings as a
means of age determination in the blue
shark (Prionace glauca L.). J. Mar. BioI.
Assoc. U.K . 55: 657-665.
PACIFIC SCIENCE, Volume 44, April 1990
TANAKA, S., C. T. CHEN, and K. MIZUE. 1978.
Studies on sharks-XVI. Age and growth
of eiraku shark Galeorhinusjaponicus. Bull.
Fac. Fish. Nakasaki Univ. 45 : 19-28.
WANG, T. M., and C. T. CHEN. 1982. Age and
growth of smooth dogfish, Mustelus griseus,
in the northwestern Taiwan waters. J. Fish .
Soc. Taiwan 9(1,2): 1-12.
